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To  date,  the  results  indicate  that  acute  sleep  loss  of  30  to  36  hours 
a)  does  not  alter  the  maximal  oxygen  uptake,  while  it  does  reduce  maximal 

(CONTINUED  ON  ADDITIONAL  SHEET)  \ 


d o.SRun  EDITION  or  ’  MOV  •»  >9  OBSOLETE 

>  '  t:  (  | 


SECURITY  CLASS!  riCATKM  or  TXIS  PAGE  Data  (Mm« 


V 

heart  rate;  b)  leaves  metabolic  rate  during  exercise  at  a  constant  external 
work  load  unchanged,  while  heart  rate  is  reduced  and  ratings  of  perceived 
exertion  are  elevated;  c)  reduces  tolerance  of  prolonged  heavy  exercise  at 
three-fourths  of  the  maximal  oxygen  uptake  by  about  10%,  with  wide  variation 
noted  among  individuals,  and  d)  fails  to  significantly  change  work  loads 
selected  for  equal  effort  during  short-term  heavy  exercise. 

We  conclude  that  acute  sleep  loss  of  30  to  36  hours  has  relatively  minor 
deleterious  effects  on  endurance  exercise  performance. 
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SUMMARY 


The  purpose  of  the  study  is  to  identify  the  effects  of  sleep 
deprivation  on  the  ability  of  humans  to  tolerate  standard  forms  of 
endurance  exercise.  Standard  techniques  in  human  exercise  physiology 
are  utilized. 

To  date,  the  results  indicate  that  acute  sleep  loss  of  30  to  36 
hours  a)  does  not  alter  the  maximal  oxygen  uptake,  while  it  does  reduce 
maximal  heart  rate;  b)  leaves  metabolic  rate  during  exercise  at  a 
constant  external  work  load  unchanged,  while  heart  rate  is  reduced 
and  ratings  of  perceived  exertion  are  elevated;  c)  reduces  tolerance  of 
prolonged  heavy  exercise  at  three-fourths  of  the  maximal  oxygen  uptake 
by  about  10%,  with  wide  variation  noted  among  individuals,  and  d)  fails 
to  significantly  change  work  loads  selected  for  equal  effort  during 
short-term  heavy  exercise. 

We  conclude  that  acute  sleep  loss  of  20  to  36  hours  has  relatively 
minor  deleterious  effects  on  endurance  exercise  performance. 


FORWARD 

For  the  protection  of  human  subjects  the  intestigator (s)  have 
adhered  to  policies  of  applicable  Federal  Law  45CFR46. 
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BODY  OF  REPORT 


STATEMENT  OF  THE  PROBLEM 


Sleep  deprivation  is  a  common  occurrence  in  both  the  military  and  civilian 
spheres.  In  many  instances,  severe  or  prolonged  exercise  follows  sleep  loss. 
Despite  this  frequent  occurrence,  little  is  known  of  the  effects  that  sleep 
deprivation  may  have  on  subsequent  exercise. 

BACKGROUND 


Several  previous  studies  have  approached  the  question  of  the  relationship 
between  sleep  loss  and  subsequent  exercise.  In  some  of  these,  sleep  deprivation 
was  combined  with  other  stressors  such  as  prior  exercise  or  caloric  restriction, 
rendering  identification  of  the  specific  effects  of  sleep  loss  difficult  (1,  2). 
Other  studies  have  looked  more  specifically  at  exercise  after  an  uncomplicated 
sleepless  period,  but  have  utilized  either  indirect  (3)  or  inexact  (4)  measures 
of  exercise  responses  or  tolerance.  This  paucity  of  information  contrasts  with 
that  available  concerning  other  aspects  of  sleep  deprivation  and  of  the  sleep 
deprivation  -  exercise  relationship.  For  example,  considerable  work  has  been 
concerned  with  the  psychological  and  physiological  effects  of  sleep  loss  at 
rest  (5,  6).  In  addition,  many  studies  have  examined  the  influence  that  heavy 
exercise  may  have  on  subsequent  sleep  (7). 

It  was  in  this  context  that  our  first  study  of  sleep  loss  was  made;  it 
was  partially  complete  at  the  time  of  application  for  the  present  Contract. 

We  found  that  a  30  hour  sleepless  period  had  no  influence  on  heart  rate, 
metabolic  rate,  or  ventilation,  during  cycle  ergometer  exercise  at  25,  50,  or 
75%  of  the  maximal  oxygen  uptake.  The  sleep  loss  period  did  increase  ratings 
of  perceived  exertion  during  the  heavier  exercise  levels.  These  perceptual 
changes  were  abolished  after  one  night  of  unlimited  sleep.  We  also  found  that 
the  maximal  oxygen  uptake  was  unchanged  by  the  sleep  free  period,  while  the 
maximal  exercise  heart  rate  was  slightly  but  significantly  reduced.  This  last 
finding  contrasts  with  an  earlier  study  showing  a  4%  fall  in  maximal  aerobic 
power  after  sleep  loss  (8);  in  that  study,  the  sleep  loss  period  had  been  72 
hours,  a  much  more  severe  stress  and  a  possible  explanation  for  the  difference 
between  studies. 

APPROACH  TO  THE  PROBLEM 


These  previous  results  suggested  that  the  psychological  effects  of  sleep 
deprivation  could  be  detrimental  to  prolonged  exercise  performance.  Studies 
were  then  performed  that  attempted  to  specify  any  performance  decrement,  and 
to  correlate  any  changes  in  performance  with  changes  in  physiological  or 
psychological  responses  to  exercise. 

RESULTS  AND  DISCUSSION 


In  the  first  year  of  this  Contract,  two  studies  have  been  performed  which 
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will  be  described  in  turn. 

First ,  tolerance  of  exercise  at  75%  of  the  maximal  oxygen  uptake  was 
measured  after  a  36  hour  sleepless  period.  Eight  subjects  participated,  with 
the  mean  performance  decrease  about  10%,  a  statistically  significant  change. 

There  was  wide  individual  variation  in  this  result:  four  of  the  eight  subjects 
showed  performance  changes  of  less  than  5%,  while  the  four  others  had  at  least 
15%  decreases  in  work  time.  This  performance  decline  came  in  the  face  of  added 
incentives  for  work  in  the  sleep  deprived  condition.  Since  subjects  must  be 
aware  of  their  sleep  status,  we  were  concerned  that  they  might  expect  to  perform 
more  poorly  after  sleep  loss,  with  this  expectation  then  producing  its  own 
self-fulfillment.  To  mitigate  this  effect,  all  external  cues  to  work  time  were 
removed  from  the  subjects,  and  they  were  simply  told  that  they  would  receive 
payment  for  each  minute  worked  on  the  treadmill,  with  the  payment  scale 
doubled  after  sleep  loss.  This  design  increases  our  confidence  that  a  36  hour 
sleepless  period  is  sufficient  to  measurably  worsen  exercise  performance. 

Our  attention  then  turned  to  the  physiological  mechanisms  -  or  the 
psychological  mechanisms  -  that  could  explain  this  performance  decrement. 

The  most  obvious  change  induced  by  sleep  loss  in  the  physiological  and 
psychological  responses  to  prolonged  exercise  in  the  previously  described 
study  was  a  rise  in  ratings  of  perceived  exertion.  Because  this  rise  was 
greatest  in  the  four  subjects  showing  the  greatest  decline  in  work  tolerance, 
we  hypothesized  that  this  psychologies!  effect  of  sleep  loss  might  determine 
the  performance  decline.  Physiological  effects  of  sleep  deprivation  were  less 
apparent:  heart  rate  and  metabolic  rate  were  unchanged,  while  minute  ventilation 
was  elevated  during  the  latter  half  of  the  exercise  period. 

We  thus  performed  a  study  to  investigate  the  psychological  effects  of 
sleep  deprivation  on  subsequent  exercise.  We  hypothesized  that  persons  most 
influenced  by  sleep  loss  psychologically  would  most  dramatically  alter 
their  perceptions  of  exercise  intensity  (and  thus,  potentially,  exercise 
performance).  Twenty-four  persons  were  thus  studied  in  order  to  search 
for  a  possible  correlation  between  psychological  changes  and  work  load 
selection.  In  this  study,  we  allowed  subjects  to  choose  their  own  work  rate 
such  that  the  perceived  exertion  was  the  same  both  in  the  control  situation 
and  after  sleep  deprivation.  Standard  psychological  measures  of  sleepiness 
and  mood  were  made  before  and  after  exercise;  we  hypothesized  that  persons 
most  altered  in  mood  (toward  fatigue,  tension,  depression,  and  confusion) 
and  in  sleepiness  would  choose  the  most  greatly  underestimated  work  loads 
after  sleep  loss.  To  our  surprise,  we  found  that  the  mean  work  loads  selected 
to  provide  equal  perceived  exertion  were  identical  in  the  control  and  sleep 
loss  conditions,  and  that  there  was  no  correlation  between  alterations  in  mood 
and  work  load  choice.  We  did  find,  as  others  have  in  the  past,  that  the  sleep 
loss  episode  led  to  significantly  elevated  fatigue,  confusion,  depression, 
anxiety,  and  tension  (9):  but,  these  mood  changes  did  not  translate  into 
changes  in  work  load  selection.  We  now  feel  that  the  previously  measured 
increased  perceived  exertion  after  sleep  loss  may  have  been  a  spurious  result, 
since  it  occurred  under  more  biased  circumstances  than  the  present  results 
that  failed  to  confirm  it.  In  addition,  in  this  study  we  found  a  significant 
heart  rate  decrease  during  exercise  at  equal  work  loads  and  at  equal  metabolic  rate. 
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CONCLUSIONS 


Based  on  this  first  year  of  work,  we  conclude  that  exercise  performance 
is  decreased  after  sleep  loss  for  as  yet  unknown  reasons.  Many  aspects 
of  the  physiological  response  to  exercise  after  sleeplessness  remain  to 
be  measured;  some  of  these  are  planned  for  the  upcoming  year. 

RECOMMENDATIONS 


Sleep  loss  of  up  to  36  hours  is  relatively  ineffective  as  a  direct 
inhibitor  of  exercise  performance.  For  example,  its  effects  are  much  less 
than  that  of  prior  exercise,  or  altered  diet,  and  those  imposed  by  relatively 
small  changes  in  terrain,  burdening, or  environmental  conditions. 

Two  cautions  must  be  mentioned  here.  First,  little  is  known  of  the 
potential  cumulative  effects  of  more  prolonged  sleeplessness.  Second,  these 
studies  have  all  examined  exercise  in  the  situation  where  it  is  required; 
if  exercise  were  to  be  initiated  by  the  subject  in  a  self-motivated  manner, 
it  might  be  that  the  deleterious  effects  of  sleep  loss  would  be  greater. 
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